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[57] ABSTRACT 

A spread spectnun commnnication system in which a 
spectrum of a communication signal is spread by using 
a spreading signal includes PN code generators for 
generating a jriuralityo£p^ goise _codes_ wh ich 
differ from eac'h^iher ; andTseiector tprsa^ng the 
pseiao nofse abd^Tgenerated by the PN code genera- 
tors in accordance with a predetermined hopping pat- 
tern, the pseudo noise codes selected by the selector 
being used as the spreading signal. 

13 Claims, 9 Drawing Sheets 
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it is difficult to intercept communication usine the de- 

SPREAD SPECTRUM COMMUNICATION layed detection. 

SYSTEM Anothor object of the present invention is to provide 

^ , ^ a spread spectrum communication system having supe- 

BACKGROUND OF THE INVENTION 5 rior tolerance to a code interference by other terminal. 
1. Field of the Invention The above objects of the present invention are 
The present invention generally relates to a spread achieved by a spread spectrum communication system 
spectrum communication system, and more particularly in which a spectrum of a communication signal is spread 
to a spread spectrum communication system in which a by using a spreading signal, the system comprising: PN 
spread spectrum is obtained by switching of a plurality code generating means for generating a plurality of 
of psendo noise codes (hereinafter referred to as PN pseudo noise codes which differ from each other; and 
code). In the spread spectrum commimication system, it selecting means for selecting the pseudo noise codes 
is difficult to intercept communication using delayed generated by the PN code generating means in accor^ 
detection, so that tolerance to single code interference is dance with a predetermined hopping pattern, the 
unproved. The spread spectrum communication system pseudo noise codes selected by the selecting means 
according to the present invention is applicable to in- being used as the spreading signal, 
door radio communication, weak radio communication, According to the present invention, since tiie spread 
and mobile radio communication. spectrum communication is carried out by switching of 
2JDescnption of the Related Art a plurality of pseudo noise codes, it is difficult to inter- 
There are two types of spread spectrum communica- 20 communication using the delayed detection In 
tion systems: a Direct Sequence (DS) system in which a addition, since each data item is decided based on a 
signal IS multiplied by a spreadingcode. such as a PN ^i^^i^y of codes the tolerance to code interference can 
code, and a Frequency Hoppmg (FH) system m which improved 

a carrier frequency of a narrow band signal is switched Additional' objects, features and advantages of the 

at random and discretely. Th^ two types of spread 25 ^ i^^^^^j^i ^yj ^^^^^ ^^^^ 

spectrum commmucation systems are disclosed m i^^^A^r* A^*^it^A a^^^^ i. j • 

"Spread Spectrum communication system" (Mitsuo descnption when read m conjunction 

Yokoyama. Kagakueijutsu Publishing ^mpany. 1998). ^* accompanymg drawmgs. 

The spread spectrum communication has been known BRIEF DESCRIPTION OF THE DRAWINGS 

as a system having superior tolerance to interruption 30 u . ^ 

and superior secrecy. Recentiy, a CDMA (Code Divi- ^^'} ^ ^^0^^^ diagram illustrating a transmitter of 

sion Multi Access) system has been particulariy known. ^ !P'^^^ spectrum commumcation system according to 

The DS system which is one of the spread spectrum ^ ^1,^?!'°'^!?^* P^?f^''^ invention, 

systems has an advantage in that the system can be FIG. 2 is a block diagram illustratmg a receiver of the 

simply formed. However, since only a smgle spreadmg 35 spread spectrum commumcation system according to 

code is used, it is easy to intercept communication using embodunent of the present invention, 

the delayed detection. In addition, the spread spectrum diagram illustrating tiie principle of 

communication system has been popularized, but there communication in the DS system, 

is a limit to a number of spreading codes which can be ^® }^ ^. diagram illustrating the principle of 

in the spread spectrum communication Thus, a spread- 40 communication in the FH system, 

ing code used in another terminal interferes with com- FIG. 3C is a diagram iDustrating the principle of a 

munication. This system has a problem of the single spread spectrum comihunication according to the pres- 

code interference. invention. 

As has been well known, in the FH (Frequency Hop- FIG. 4A is a block diagram illustrating an example of 

ping) system, hopping of a large number of frequencies 45 ^ data decoding unit. 

is performed. Thus, in a high-speed hopping, this system FIG. 4B is a block diagram illustrating another exam- 
has a superior tolerance to narrow band interference. P^s of a data decoding unit. 

By this invention, a spread spectrum code hopping FIGS. SA, SB and 5C are diagrams illustrating a 

(SS/CH) system in which a large number of codes are concept of a majority decision method, 

hopped is proposed. This system is expected to have a 50 FIG. 6 is a graph illustrating an error rate in a case 

superior tolerance to the single code interference. where a number of hopping codes in a 1 -hop- 1 -data CH 

As has been described above, in the DS system, since system is increased, 

only one spreading code is used, it is easy to intercept FIG. 7 is a graph illustrating an error rate in a.major- 

the communication using the delayed detection. Since ity decision process in a high-speed CH system, 

there is a limit to a number of kinds of spreading codes, 55 FIG. 8 is a block diagram illustrating a transmitter of 

the DS system further has a problem of single code a spread spectrum communication system according to 

interference by other stations in the CDMA. a second embodiment of the present invention. 

In the CDMA by the FH system, if a hopping fre- FIG. 9 is a block diagram illustrating a receiver of the 

quency hits no (becomes equal to) that in anotiicr termi- spread spectrum communication system according to 

nal, information cannot be transmitted or is damaged. 60 the second embodiment of the present invention. 

Ti^ A p V OP TUTS nsJVT:KrrTnM ^ * ^^^^ diagram illustrating a receiver of a 

SUMMARY OF THE INVENTION ^p^^^ spectrum communication system according to a 

Accordingly, a general object of the present inven- . third embodiment of the present invention, 

tion is to provide a novel and useful spread spectrum nF^rnTPrrnK nT7 xm? ppt^ttpp-pt^pi 

communication system in which the disadvantages of 65 utiOCKii'iiuxN Ut imi i^Kbl-EKREU 

the aforementioned prior art are eliminated. EMBODIMENTS 

A specific object of the present invention is to pro- A description will now be given of embodiments of 

vide a spread spectnim communication system in which the present invention. 
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In the embodiments, data modulation is performed in Referring to FIG. 1, the transmitter has PN genera- 
accordance with a sequence inversion keying (SIK). A tors 1-1, 1-2, . . . , anii 1-k, a switching circuit 2, a hop- 
communication method according to the present inven- ping controller 3, a multiplier 4, a data supply unit 5, a 
tion is referred to as a spread spectrum code hopping frequency converter 6, a power amplifier 7 and a trans- 
(SS/CH) method. 5 mission antenna 8. The PN generators 1-1, 1-2, . . . , and 

The principle of a spread spectrum communication .1-1^ generate PN signals which differ from each other, 
method according to the present invention will be de- The hopping controller 3 controls the switching circuit 
scribed below in comparison with the conventional 2 so that the PN signals output from the PN generators 
methods. I'^i 1*^* • * * * selected in accordance with a 

FIG. 3A shows a direct sequence (DS) communica- 10 predetermined hopping pattern. The multiplier 4 multi- 
tion method, FIG. 3B shows a frequency hopping (FH) P^cs the selected PN signal output from the switching 
communication method and FIG. 3C shows a spread circuit 2.by data items ±1 so that the phase of the se- 
spectrum code hopping (SS/CH) communication lected PN signal is inverted. That is, the information 
method according to the present invention. In FIGS. modulation is carried out in accordance with the SIK. 
3A-3C. each square area indicates a data item transmit- 15 The frequency of the modulate^ signal output from the 
ted in accordance with a corresponding communication multiplier 4 is converted mto the frequency of the car- 
method. In the communication methods shown in ner, the power of Ae earner is amplified by the p^^ 
figs: 3A and 3C, the sequence inversion keying (SIK) f^^^'^^ transmission is earned out 

of binary data (± 1) is carried out in a period for three ^"^0°? the transmission antenna 

codes. In the communication method shown in FIG. ^0 The referrmg to FIG 2, Uie receiv^^ has a receivmg 
3A, to compare with the above methods, the SIK is f 9, Bn ^ (Radio Frequency) amphfier 10 a 
carried out once in three periods. frequency converter It ^ 

T r i,^ • /ctn ^^u^A ;« multiphers 13 -15, a delay circuit 16, low pass filter 17a 

^ In die frequency hopping (FH) methodL shov^ m 4 a data decoding unit 18, absolute-value circuits 

FIG. 3B a pi^ary modulation IS pe^^^ ^5 19a and m an adder 20, a loop filter 21, a voltage 

dano. with a binary frequency shift keymg (BFSK), and ^^^^^^ ^^^^^^^^ generators 23-1. 23-1, .... a^d 

one data item is transmitted m^^times of hoppmg 23.k, a switching circuit aid hopping controner:25. The 
using four hoppmg frequajcies Fl, F2, F3 and F4. This ^^^^^^ ^ constitution in which a pluraUty of PN 
frequency hoppmg method is referred to as a high speed generators 23-1, 23-2, . . . , and 23-k. the switching 

FH method. Accordmg to the FH method, even if there ^ ^ ^4 and the hopping controller 25 are added to a 
is a narrow band mterference wave, due to the majonty ^and delayed lock loop (DLL). Thus, a process in 

decision, an error occurs m only ma hopping frequency ^j,^ performed, and non-coherent DLL 

affected by the narrow band interference wave and no ^ intermediate-frequency (IF), 

error occurs in other hopping frequencies. Thus, the ^ ^^^^ received by the receiving antenna 9 is 
FH method has a superior tolerance to the narrow band 35 amplified by the RF amplifier 10, and is then supplied to 
interference. t),g frequency converter .il. The output signal from the 

In the spread spectrum code hopping method shown amplifier 10 is also supplied to the carrier synchro- 

in FIG. 3C, a number (K) of hopping codes is equal to ^i^^g unit 12. The frequency converter 11 converts an 
4 (K=4), and a number (N) of times of hopping re- jj^p^t j^^o a base-band signal based on the carrier 
quired to transmit one data item is equal to 3 (N=3). 4^ synchronizmg information from the carrier synchroniz- 
That is, one data item is transmitted in three times of i^g unit 12. The base band signal output from the fre- 
hopping using four spreading codes. This method is quency converter 11 is multiplied by the PN code, and 
referred to as a high speed CH method. These four the jaU coding unit 18 then performs the SIK data 
codes are hopped in accordance with a predetermined coding process. 

hopping pattern, and information is transmitted using 45 xhe synchronization of the PN code is established by 
the SIK in the same manner as that in the DS method. the delayed lock loop (DLL). The base band signal 
One hopping frequency may be affected by an interfer- output from the frequency converter 11 is supplied to 
ence of a single spreading code, but other hopping fre- both the multipliers 14 and 15, and the Multipliers 14 
quencies are not affected by the interference. Thus^ the and 15 respectively multiply the base band signal by an 
high speed FH method has a superior tolerance to the 50 early signal having an advanced phase and a late signal 
spreading code interference. In addition, due to the having a delayed phase. The transmitted PN signal is 
difference between the number of hopping codes used modulated in accordance with the SIK, so that, if the 
in the communication and the number of times of hop- phase of the transmitted PN signal is inverted, the cor- 
ping for transmission of one data item, it is very diifficult relation value which is an output of the multiplier is 
to perform the delayed detection. 55 inverted. Thus, the output signals of the multipliers 14 

In a case of the multi access (CDMA), in the FH and 15 are respectively supplied to the absolute-value 
method, if a hopping frequency hits on that of another circuits 19a and 19b via the low pass filters 11a and 176. 
terminal, the information cannot be transmitted or is The absolute values of the signals are obtained by the 
damaged. However, in the method according to the absolute-value circuits 19fl and 19b. The absolute value 
present invention, even if the hopped spreading code is 60 of the signal obtained using the late signal is subtracted 
equal to that of another, station, information can be from the absolute value of the signal using the early 
transmitted under a condition in which the difference signal by the adder 20. The signal output from the adder 
between the hopping phases is equal to or greater than 20 is supplied to the loop filter 21, and noises are re- 
one chip. moved from the signal by the loop filter 21. The voltage 

FIGS. 1 and 2 respectively shows a transmitter and a 65 control oscillator (VCD) 22 is driven based on the sig- 
receiver of a spread spectrum communication system nal output from the loop filter 21. A clock signal output 
according to a first embodiment of the present inven- from the voltage control oscillator 22 is supplied to the 
tion. respective PN signal generators 23-1, 23-2, . . . , and 
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23-k. The PN signal generators 23-1, 23-2, . . . , and 23-k, It is preferable that the number of PN codes to be 

the switching circuit 24 and the hopping controller 25 hopped be an odd number equal to or greater than 3. In 

are operated in the same manner, as those in the trans- this embodiment, one data item is transmitted by three 

mitter shown in FIG. 1, so that the reference PN signals hopping operations. 

are hopped and synchronization with the received PN 5 The spreading decoded signal is integrated by the 
signal is established. The output signal from the switch- integrating circuit 33 during a time for one hopping 
ing circuit 24 is supplied to the delay circuit 16, and the operation, and the data decision is performed in each 
delay circuit 16 outputs a standard reference PN signal, hopping operation by the data decision circuit 34. The 
the early signal having a phase which is in advance of majority decision circuit 35 obtains a decided result 
the phase of the standard reference PN signal, and the 10 having a majority from among the decided results ob- 
late signal having a phase which is later than the phase taincd by the data decision circuit 34 and outputs it as 
of the standard reference PN signal. The difference information data. In the example shown in FIGS. 5A, 
between the early signal and late signal is set, for exam- 5B and 5C, a value indicated by two (the majority) of 
pie, at 1 or 2, where is a one chip time). three decided results is decided as the information data. 
That is, in' the transmitter, the spreading codes are According to the decoding unit 18 in which the major- 
switched in accordance with the predetermined hop- ity decision of data is carried out, even if there are er- 
ping pattern and are transmitted, and in the receiver, the ro« in the decision results obtained in the respective 
detection is performed in accordance with the active hopping operations, correct data items can be obtained 
correlation or the passive correlation (matched filter- by the majority decision in the receiver, 
ing), in the same manner as that in the DS method. The In the above embodiment, tiie data is modulated in 
case in which the delayed lock loop is used as described accordance with the SIK. Further, the primary modula- 
above is an example of the active correlation. The tion, such as the PSK or the FSK, may be carried out in 
spreading code generators in the DLL are provided same manner that in tiie DS method, 
with tiie same spreading codes as the transmitter, and I" the majonty decision (2:1), one bit is transmitted 
the spreading code generators arc switched in an order by continuous three spreading codes which are hopped, 
corresponding to the hopping pattern in accordance ^ value indicated by the majority decision results 
with which the spreading signal is hopped so that the among three decision results obtained m the respective 
synchronization state is maintained. Data in each long hoppmg operations is selected. 

period including the hopping may be stored in and read ^ A descnption wiU now be given of a ch^ctenstic of 

out from a memory chip by chip. the spread spectrum code hoppmg (SS/CI^ system. 

The synchronized spreading codes are generated by . ^f^^^ ^ consideration is giv^ to an mterference of a 

the DLL, and the spreading codes and the transmitted '"^S^^ spreadmg code^d a white Gaussian noise. It is 

signal are multipUed together. After this, data is ob- ^^^^f that the mterference code is equal to a code 

taLed by the correlation detection. Thus, the system 35 ^^^^^ « ^^PP^^S spreadmg codes used for tiie 

can be formed of simple hardware which is ahnost the ^pjead spectrum process m the trarismitter, and the 

same as that used in the DS system. P*^^ *f frequency of the interference code 

In a receiving system operated in accordance with are also equal to those of the one of the hopping spread- 

the passive correlation, matched filters (MF) for the !"g f^^'^ ^his case mdicates the worst case m tiie 
spreading codes used in transmitter are provided, the 40 »nte™rence. 

matched fflteis are switched in every hoppmg patterns, l-Hop-l-Data CH Method 

and data is sampled *rr o r Under condiuons of the 1-hop-l-data CH method, the 

FIG. 4A shows an example of the decoding unit 18 in ^h^ ^^^^^ by the interference code is added to amph- 

which a sum decision of data is carried out, that is, a tude distribution of normal received signals m the SIK 
signal is integrated in hopping operations (e.g. three 45 perfonned m tiie receiver Thus a bit error rate Pd in 

hopping operations) during a tkae for one data item. In the DS method m which nuinber of hoppmg code^ 

FIG 4A, the decoding unit 18 has an mtegrating circuit ^^^^^ to 1 is represented by the followmg equation (1). 
31 and a data (1 bit) decision circuit 32. A spreading 
decoded signal which is inversely spread by the PN 
signals reproduced by the DLL is integrated by the 50 

integrating circuit 31 during a time for one data item. 

The data decision circuit 32 decides whether the data 0(N iMb/No (i -f- \£y/£6)) + e(N iBb/Bo (i - N^/£&)) 
output from the integrating circuit 31 is -1- 1 or — 1 bit 

by bit. The decision result obtained in the data decision the above equation (1), Ej is energy of interference 
circuit 32 is output as decoded data from the decoding 55 code in each data time which a time for one bit of a 

unit 18. desired signal, and Eb/Ej corresponds to an SIR (Signal 

FIG. 4B shows another example of the decoding unit Interference power Ratio). 

18 in which a majority decision of data is carried out, Increasmg the number of hopping codes, a bit error 

that is, each data item is decided, based on decision rate Pe is represented by the following equation (2). 
results obtained in respective hopping operations during 60 

a time for one data item, in accordance with the major- Pff« i/a:-A/+(#:- \yK?s (2) 
ity decision. In FIG. 4B, the decoding unit 18 has an 

integrating circuit 33, a data (1 hopping operation) deci- In the above equation (2), Ps is a bit error rate in a case 

sion circuit 34 and a majority decision circuit 35. In this there is no code interference and signals are modulated 
decoding unit 18, the data decision is performed as 65 in accordance with the SIK. 

shown in FIGS. 5A, 5B and 5C. FIG. 5A shows trans- High-speed CH Method Using Majority Decision 

mitting data, FIG. 5B shows received data and FIG. 5C In a case where the number (K) of the hopping codes 

shows decided data. is equal to the number (N) of hopping operations re- 



Pd = (1) 
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quired to obtain one data item (K=N), a bit error rate stored in the ROM 42 so as to be arranged in a predeter- 
Pem in the high-speed CH method using the majority mined order corresponding to the hopping pattern, and 
decision is obtained as follows. codes are read out from the ROM 41 by supply of ad- 
First, a code .error rate Psm of the hopping code dresses from the address generator 42 in accordance 
which is not affected by the code mterfercncc is ob- j with the predetermined order, 
tained by the following equation (3). Referring to FIG. 9, the receiver has a receiving 

antenna 48, an RF amplifier 49, a frequency converter 
<3) 50, a carrier synchronizing unit 51, multipliers 52, 53 

Am = g(N 2Eb/KNo ) 54^ 3 ^^^^ ^^^^ 55^ f^^^ 5^ 5^^- 

, data decoding unit 57, absolute-value circuits SZa and 

In addition, a code error rate Pdm of the hoppmg ^ ^^^^^ ^ j ^^^^ ^ ^^^^^^ ^^^^^1 

code Avhich IS affected by the co^ mterference is ob- ^^^^^^^ ^ ^^^^^ generator and a ROM 63, The 
tamed by the following equation (4). ^^^.^^^ ^ ^^^^^ embodiment is provided with the 

address generator 62 and the ROM instead of the PN 
signal generators 23-1, 23-2, . . . , and 23-k, the switching 
circuit 24 and the hopping controller 25 shown in FIG. 

. I .J 2. That is, the FN signals are read out from the ROM 63 

CXN lEb/KNo (I -\EJ/Bb)) \yy supply of addrcsses from the address generator 62 

and are supplied to the delay circuit 55. 
Thus, the bit error rate Pem m the high-speed CH 20 According to the second embodiment, hi the trans- 
method using the majority decision is obtamed by the ^4^^^ j^e receiver, the ROM and the address gen- 
foUowmg equation (5). ^^^o^ substituted for the PN signal generators, the 

switching circuit and the hopping controller. Thus, the 
Pent = Fdm • Psm^-^ + (5) constructions of the transmitter and. the receiver can be 

simplified. 

2 r//r - I N AT 1 _/ shows a receiver of a spread spectrum system 

/ii [\k - I - / " * - ^"^y + according to a third embodiment of the present inven- 

. tion. 

_ J V -| Referring to FIG. 10, the receiver has a receiving 

r . J(i - Pdm) . Am^-' - (1 - ftm)'-' antenna 71, an RF amplifier 72, a frequency converter 
~ ^ ^ 73, a carrier synchronizmg unit 74, matched filters (MF) 

75^1, 75-2, . . . , and 75-1;, a switching circuit 76, a hop- 
The simulation was performed under the following pjj^g controller 77 and a data decision unit 78. In this 
conditions. receiver, the passive synchronization is carried out by 

SPREADING CODE: M code sequence (code length ^^^.g ^^^^ matched filters 75-1, 75-2, . . . , and 75-10 A 

■ , . ^ signal input from the receiving antenna 71 is amplified 
DETECTION METHOD: coherent correlation detec- the RF amplifier 72. and the amplified signal is con- 
-T^^? VT«» *T««T^vr A /I ^ . / \ verted into the base band signal by the frequency con- 
TRANSMISSION RATE: 100 (kbit/sec.) ,3 ^ase band signal is suppUed to the 
t >^ assumed that the synchronization was estab- « ^^^^^^ g,,^^ ^^p^ ,5.^^ 75.3 7S-k. The 

^^T^tA r*!.!.* * J number of matched filters is equal to the number of 

FIG. 6 shows yanahon of tibe biterror t^te under a ^ transmitted by the transmitter, and each 

condition m which the numb«: OC) of the hoppmg ofSe matched ffltcrscoiresponds to one of the hopping 

codes arc varied in the 1-hop-I-bit CH method. In FIG. j ^n. •* u* • fTif •* u *« *- r *t. 
6, the continuous lines indi^te theoretical values ob- « codes. The switcbn^ 

tained by the above equations. When the nmnber of f^'' ^^Iv^t ' ' * ' •''T'^" 

hopping codes (K) is bicreased, the bit error rate is wi^ a pattern equal to the hoppmg pattem m the trans- 
improved under the single code interference. ^ switching mterval (a switching speed) of the 
FIG. 7 shows the bit error rate in the high-speed CH switchmg circuit 76 is set to a value equal to an mterval 
method using the majority decision. The bit error rate is 50 between the hoppmg operations. To maintain the 
clearly superior to that shown in FIG. 6. Thus, under switching interval at a constant value, the switching 
the large single code interference, the majority decision ^^^^^^ is corrected based on die timmg of the correla- 
used to decide a data item is effective in decreasing of ^"^^ ^^"^^ ^^^^ ^« switchmg operation is per- 
the bit error rate in the spread spectrum code hopping formed, 

(CH) method according to the present invention. 55 The initial synchronization of the hopping pattern 
FIGS. 8 and 9 respectively shows a transmitter and a be established based on a timing at which a pattern 

receiver in the spread spectrum communication system switched by the switchmg circuit 16 becomes equal to 
according to a second embodiment of the present inven- the hopping pattern or based on an output timing of a 
tion. matched filter. 

Referring to FIG. 8, the transmitter has a ROM 60 . In each of the matched filters 75-1, 75-1, . . . , and 
(Read Only Memory) 41, an address generator 42, a 75-k, when a corresponding PN code is transmitted, the 
multiplier 43, a data supply unit 44, a frequency con- correlation output is obtained at an end of a period for 
verter 45. a power amplifier A6 and a transmission an- the PN code. At this time, data is sampled by a sampling 
tenna 47. The transmitter in the second embodiment is pulse in each period. 

provided with the ROM 41 and the address generator 65 The data decision unit 78 decides information data 
42 instead of the PN signal generators 1-1, 1-2, . . . , and based on a data iteni in each period. The data decision 
1-k, the switching circuit 2 and the hopping controller 3 unit 78 may carry out the majority decision hi which the 
shown in FIG. 1. That is, the codes to be hopped are number (N) of hopping operations for one data item is 
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set at an odd number equal to or greater than 3, in the selecting means has means for reading out the pseudo- 
same manner as that in the first embodiment noise codes from said memory means in accordance 

According to the third embodiment, the receiver has with the predetermined hopping pattern. . 

the matched filters each of which corresponds to one of 7. The apparatus claimed in claim 1, further compris- 

the PN codes and the switching circuit for switching 5 ing: 

the matched filter in accordance with the hopping pat- a transmitter, connected to the selecting means, for 

tern, instead of the DLL (Delayed lock loop). Thus, the transmitting a signal based on the spreading signal; 

receiver can be simply formed. and 

The present invention is not limited to the aforemen- a receiver including: 
tioned embodiments, and variations and modifications 10 matched filters for processing a signal corresponding 

may be made without departing from the scope of the to a received signal, each of said matching filters 

claimed invention. corresponding to one of said plurality of pseudo- 

What is claimed is: noise codes; and 

1. An apparatus, comprising: selecting means for; carrying out a switching control 
PN code generating means for generating a plurality 15 of said matched filters m accordance with the pre- 

of pseudonoise codes which differ from each other; determined hopping pattern, 

wherein said received signal corresponds to said 

selecting means for selecting the pseudonoise codes in transmitted signal, 

accordance with a predetermined hopping pattern, 8. An apparatus according to claim 7, further com- 
the pseudonoise codes selected by said selecting 20 prising: 

means being used as a spreading signal for a spread a power amplifier coiuiected to the mixer, 

spectrum communication device. 9. An apparatus according to claim 8, further com- 

2. The apparatus as claimed in claim 1, wherein said prising: 

selecting means comprises: a frequency converter, connected between the mixer 

switching means for s>yitching the pseudonoise codes 25 and the power amplifier, for converting the fre- 

supplied from said PN generating means; and quency modulated signal output from the mixer to 

control means, connected to said switching means, a signal having a frequency of a carrier, 

for controlling said switching means in accordance 10. An apparatus according to claim 9, further com- 

with the predetermined hopping pattern. prising: 

3. The apparatus as claimed in claim 1, wherein said 30 an antenna connected to an output of the power am- 
selecting means selects N pseudonoise codes from plifier, 

among said plurality of pseudonoise codes for each bit 11. An apparatus as claimed in claim 1, further com- 

of information data, where N is an integer greater than prising: 

1- a mixer for combining the spreading signal with data 

4. The apparatus as claimed in claim 3 further com- 35 items to generate a frequency modulated signal, 
prising: 12. An apparatus according to claim 1, further corn- 
first decision means for deciding a data value in each prising: 

of the N pseudonoise codes and for obtaining N receiving means for receiving a signal which is com- 

decision values; and bined with one of said pseudonoise codes selected 

second decision means for selecting, as the data value, 40 by the selecting means in order to decode the re- 

a decision value which is in the majority from ceived signal. 

among the N decision value, 13. An apparatus according to claim 1, wherein said 

5. The apparatus as claimed in claim 4, wherein N is selecting means comprises a hopping controller for 
an odd number equal to or greater than 3. generating said predetermined hopping pattern, said 

6. The apparatus as claimed in claim 1, wherein said 45 hopping controller generating the predetermined hop- 
PN generating means hasjnemorj^ me^ f gr^ stori ng ping pattern independent of data to be transmitted, 
saj d pluraU tyof pseudonoise codes and wherem said ♦ ♦ * * ♦ 
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